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structure  and  some  new  piles  have  been  driven.  The  pile  foundation  was  found 
to  be  in  excellent  condition.  Generally  the  concrete  superstructure  is  in 
excellent  condition,  however,  upon  cursory  inspection  it  is  revealed  that 
there  is  some  deterioration  of  the  concrete  truss  cantilever  on  the  east  and 
west  sides  of  the  pier.  Spalling  of  the  concrete  is  occurring  at  or  near  the 
elevation  of  mean  low  water  exposing  the  reinforcing  steel  to  the  marine 
environment.  If  the  reinforcing  steel  is  not  protected  from  the  marine 
environment,  corrosion  will  occur  and  eventually  cause  a  reduction  in  the 
live-load  capacity  of  the  truss.  Providing  proper  protections  for  the  steel 
is  recommended.  Tension  cracks  were  observed  on  the  concrete  crane  rail 
beams.  However,  when  reinforcing  steel  is  exposed  to  the  marine  environment 
it  will  corrode.  This  deterioration  should  be  monitored.  Live-loading  on 
Pier  5  can  be  maintained  at  current  levels  (600  psf). 

The  pile  foundation  of  the  Barge  Basin  is  in  good  condition.  Anomalies  are 
limited  to  damage  caused  by  berthing  forces  at  the  perimeter  of  the  basin. 

The  bulkhead  between  the  Barge  Basin  and  Pier  6  has  been  partially 
reconstructed.  The  new  structure,  supported  by  steel  H-piles,  is  in  excellent 
condition.  The  older  timber  pile-supported  structure  is  in  good  condition. 

The  timber  piles  of  a  portion  of  the  wharf  near  the  Barge  Basinare  loaded 
eccentrically,  a  condition  which  is  marginal  and  should  be  corrected.  The 
seawall  directly  to  the  west  of  the  Barge  Basin  is  in  poor  condition  and 
should  be  repaired.  Live-loading  on  the  Barge  Basin  and  associated  wharf  can 
be  maintained  at  current  levels  (200  psf). 

Pier  6  is  in  good  condition.  There  are  65  piles  which  have  been  damaged  due 
to  berthing  forces  generally  occurring  at  the  perimeter  of  the  pier;  these 
piles  should  be  repaired.  Otherwise,  the  timber  pile  foundation  is  in 
excellent  condition.  Live-loading  on  Pier  6  can  be  maintained  at  current 
levels  (600  psf). 

Pier  6-A  and  the  associated  Wharf  to  Pier  6  are  in  fair  condition.  There  are 
36  piles  which  have  been  damaged  due  to  berthing  forces,  these  piles  should  be 
repaired.  Along  the  wharf  from  P!er  6-A  to  Pier  6  timber  softness  was 
detected  to  a  depth  of  4"  in  the  structural  timber.  Due  to  the  soft  timber 
the  live-load  capacity  of  the  structure  should  be  reduced  to  200  psf.  The 
concrete  seawall  is  beginning  to  deteriorate  and  should  be  repaired.  At  the 
southeast  corner  of  pier  6-A  there  are  many  broken  piles  in  a  concentrated 
area.  As  a  result,  the  relieving  platform  is  unsupported  and  in  this  are 
loading  should  be  restricted  to  50  psf  until  repairs  have  been  made. 

The  Drydock  Wharves  have  242  piles  with  anomalies  rendering  them  ineffective. 
These  piles  should  be  repaired.  The  general  condition  of  the  structural 
timber  is  good.  Overall,  live-loading  can  be  maintained  at  current  levels  on 
the  Drydock  Wharves,  however,  a  localized  concentration  of  damaged  piles 
occurs  on  Section  A  near  Drydock  No.  4  and  until  repairs  are  made,  loading 
should  be  restricted  to  100  psf  in  this  area.  The  steel  sheet  pile  along  the 
inshore  perimeter  of  Section  A  is  showing  signs  of  accelerated  deterioration. 
Downgrading  of  the  sheet  piles'  capacity  to  resist  lateral  earth  pressure  is 
not  recommended  at  this  time.  Cathodic  protection  systems  should  be  analyzed 
to  determine  possible  sources  of  deterioration  and  protection  alternatives. 
Possibly  galvanic  anodes  could  be  installed  to  inhibit  further  deterioration 
of  the  sheet  pile  wall. 


EXECUTIVE  SUMMARY 
(Volume  II) 


The  Inspected  facilities  covered  in  Volume  II  are  Pier  5,  the 
Barge  Basin  and  associated  Bulkhead,  Pier  6,  Pier  6-A  and  asso¬ 
ciated  Bulkhead,  the  Drydock  Wharves  and  Wharves  K,  J,  I,  H  and  G. 

Pier  5  has  recently  been  rebuilt.  There  is  a  new  concrete  super¬ 
structure  and  some  new  piles  have  been  driven.  The  pile  founda¬ 
tion  was  found  to  be  in  excellent  condition.  Generally  the 
concrete  superstructure  is  in  excellent  condition,  however,  upon 
cursory  inspection  it  is  revealed  that  there  is  some  deterioration 
of  the  concrete  truss  cantilever  on  the  east  and  west  sides  of  the 
pier.  '  Spalling  of  the  concrete  is  occurring  at  or  near  the  eleva¬ 
tion  of  mean  low  water  exposing  the  reinforcing  steel  to  the 
marine  environment.  If  the  reinforcing  steel  is  not  protected 
from  the  marine  environment,  corrosion  will  occur  and  eventually 
cause  a  reduction  in  the  live-load  capacity  of  the  truss. 
Providing  proper  protection  for  the  steel  is  recommended.  Tension 
cracks  were  observed  on  the  concrete  crane  rail  beam.  The 
observed  vertical  cracking  is  a  common  condition  in  concrete 
beams.  However,  when  reinforcing  steel  is  exposed  to  the  marine 
environment  it  will  corrode.  This  deterioration  should  be 
monitored.  Live-loading  on  Pier  5  can  be  maintained  at  current 
levels  (600  psf ) . 

The  pile  foundation  of  the  Barge  Basin  is  in  good  condition. 
Anomalies  are  limited  to  damage  caused  by  berthing  forces  at  the 

i 


perimeter  of  the  basin.  The  bulkhead  between  the  Barge  Basin  and 
Pier  6  has  been  partially  reconstructed.  The  new  structure, 
supported  by  steel  H-piles,  is  in  excellent  condition.  The  older 
timber  pile-supported  structure  is  in  good  condition.  The  timber 
piles  of  a  portion  of  the  wharf  near  the  Barge  Basin  are  loaded 
eccentrically,  a  condition  which  is  marginal  and  should  be 
corrected.  The  seawall  directly  to  the  west  of  the  Barge  Basin  is 
in  poor  condition  and  should  be  repaired.  Live-loading  on  the 
Barge  Basin  and  associated  wharf  can  be  maintained  at  current 
levels  (200  psf ) . 

Pier  6  is  in  good  condition.  There  are  65  piles  which  have  been 
damaged  due  to  berthing  forces  generally  occurring  at  the  perim¬ 
eter  of  the  pier;  these  piles  should  be  repaired.  Otherwise,  the 
timber  pile  foundation  is  in  excellent  condition.  Live-loading  on 
Pier  6  can  be  maintained  at  current  levels  (600  psf). 


Pier  6-A  and  the  associated  Wharf  to  Pier  6  are  in  fair  condition. 
There  are  36  piles  which  have  been  damaged  due  to  berthing  forces, 
these  piles  should  be  repaired.  Along  the  wharf  from  Pier  6-A  to 
Pier  6  timber  softness  was  detected  to  a  depth  of  4"  in  the 
structural  timber.  Due  to  the  soft  timber  the  live-load  capacity 
of  the  structure  should  be  reduced  to  200  psf.  The  concrete 
seawall  is  beginning  to  deteriorate  and  should  be  repaired.  At  ' 
the  southeast  corner  of  Pier  6-A  there  are  many  broken  piles  in  a 
concentrated  area.  As  a  result,  the  relieving  platform  is  unsup¬ 
ported  and  in  this  area  loading  should  be  restricted  to  50  psf 
until  repairs  have  been  made. 
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Availability  Codes 
I  Avail  and/or 


The  Drydock  Wharves  have  242  piles  with  anomalies  rendering  them 
ineffective.  These  piles  should  be  repaired.  The  general  condi¬ 
tion  of  the  structural  timber  is  good.  Overall,  live-loading  can 
be  maintained  at  current  levels  on  the  Drydock  Wharves,  however,  a 
localized  concentration  of  damaged  piles  occurs  on  Section  A  near 
Drydock  Mo.  4  and  until  repairs  are  made,  loading  should  be 
restricted  to  100  psf  in  this  area.  The  Bteel  sheet  pile  along 
the  inshore  perimeter  of  Section  A  is  showing  signs  of  accelerated 
deterioration.  Downgrading  of  the  sheet  piles'  capacity  to  resist 
lateral  earth  pressure  is  not  recommended  at  this  time.  Cathodic 
protection  systems  should  be  analyzed  to  determine  possible 
sources  of  deterioration  and  protection  alternatives.  Possibly 
galvanic  anodes  could  be  installed  to  inhibit  further  deteriora¬ 
tion  of  the  sheet  pile  wall. 

The  structural  timber  observed  on  Wharves  K,  J,  I,  H  and  G  is  in 
excellent  condition.  In  two  locations  (Wharves  K  and  J) ,  there 
has  been  a  localized  failure  of  the  relieving  platform  due  to 
overloading  on  the  top  deck.  In  these  two  locations  loading 
should  be  restricted  until  repairs  are  made.  Portions  of  this 
wharf  structure  are  translating  in  the  outshore  direction  due  to 
excessive  lateral  earth  pressure  exerted  on  the  sheet  pile  wall. 
This  creates  eccentric  loading  on  the  vertical  piles  which,  in 
turn,  reduces  their  column  capacity.  At  this  time  the  combined 
stress  occurring  in  the  vertical  piles  is  not  critical,  however, 
if  translation  is  allowed  to  continue,  overstressing  will  occur. 
The  sections  of  wharf  which  have  been  observed  to  be  translating 


should  be  tied  back  and  anchored.  Until  the  wharf  is  stabilized, 
the  area  from  the  face  of  the  wharf  inshore  70*  should  be 
restricted  to  300  psf  live-  loading.  This  will  limit  excessive 
lateral  earth  pressure  due  to  live-loading  from  acting  on  the 
sheet  pile  wall. 

Refer  to  the  following  Executive  Summary  Table  to  review  each 
facility's  construction,  recommendations  and  repair  cost  esti¬ 


mates. 


PHILADELPHIA  NAVAL  SHIPYARD 
PHILADELPHIA.  PENNSYLVANIA 


TOTAL  NO. 

SIZE 

FACILITY 

YEAR  BUILT 

OF  PILES 

(LxW-FT.) 

STRUCTURES 

EXECUTIVE  SUMMARY  TABLE 
VOLUME  I  I 

RECOMMENDATIONS 


1912-1979 

oprox. 

790‘xl  10' 

Pile-supported  high  concrete 

3,000 

deck  structure 

1)  Replace  broken  pile. I 

2)  Repair  non-bearinc,  | 

piles.  I 

3)  Monitor  tension  crac| 

4)  Repair  spalling  on  cj 
and  utility  tunnel  .  I 

5)  Re-inspect  after  r-.  p| 


Barge  Basin 
6  Bulkhead 
to  Pier  6 


Pier  6 


Pier  6A  t, 

Bu 1 khead 
East  to  Pier 
6 


Barne  Basin; 
Circa  1939 

Bulkhead  to 
Pier  6: 

1903-1979 


Circa  1940 


Circa  1903 


Barge  Basin: 
approx.  850 

Bui khead: 
approx.  740 


Approx. 

8.500 


Pier  6A: 
approx. 

1 ,  100 

Bu 1 khead : 
approx.  84 


Barge  Basin: 

1 63 1 x60‘ 

Bui khead : 
747'  in 

length 


970'xlOO1 


Pier  6A : 
235 'x70 ' 

Bui khead : 

142.7'  in 

length 


“Ccst  estimates  are  based  on  1 983  U.S.  East  Coast  prices. 
Mobi  I  ,  zation/demobi  1  izati  jn  costs  have  been  omitted. 


The  Barge  Basin  is  a  timber 
pile-supported,  low  deck,  earth 
fill,  relieving  platform  structure. 
The  original  portion  of  the  bulk¬ 
head  is  a  timber  pile-supported, 
low  deck,  earth  fill  relieving 
platform  structure. 

The  rebuilt  section  consists  of 
steel  H-pi les  arranged  in  bents 
with  a  low  steel  deck. 

Timber  pile-supported,  low  deck, 
earth  fill,  relieving  platform 
structure 


1)  Replace  broken  pi K  ^ 

2)  Repair  non-bearinc, 
and  wild  piles. 

3)  Repa  i  r  eccen  t  r  i  c  p  i  1, 
through  8  of  bulkbea 

4)  Repair  spalling  on  c 

5)  Re-i  nspect  of  ter 

I 

1)  Replace  broken  per.-' 

2)  Post  and  brace  broke! 

repair  non-bearinc,  i 
and  displaced,  an;:  wi 

3)  Re-inspect  after  rep; 


Timber  pile-supported,  low  deck, 
earth  fill,  relieving  platform 
structure. 


1)  Replace  or  repair  brc 

2)  Repa i r  split,  wild,  a 

piles.  | 

3)  Repair  spalling  on  cd 

4)  Immediate  restrictiorj 
10'  radius  of  broken 
made. 

5)  Limit  live -load  capac 

6)  Re-i  nspect  af  ter  rv  o 


PHILADELPHIA  NAVAL  SHIPYARD 
PHILADELPHIA.  PENNSYLVANIA 


EXECUTIVE  SUMMARY  TABLE 
VOLUME  I  I 


URES 


RECOMMENDATIONS 


ESTIMATED  COST 
(THOUSANDS) 


.upported  high  concrete 
. t  r uc  t ure 


1)  Replace  broken  pile.  1.5 

2)  Repair  non-bearing,  partially  bearing  and  split  2.4 

piles. 

3)  Monitor  tension  cracks  in  crane  rail  beam  on  a  yearly  basis. 

4)  Repair  spalling  on  concrete  truss  cantilever  19.8 

and  utility  tunnel . 

5)  Re-inspect  after  repairs  and  in  6  years  thereafter. 


irge  Basin  is  a  timber 
•upported,  low  deck,  earth 
relieving  platform  structure, 
'iginal  portion  of  the  bulk- 
s  a  timber  p  i  1  e-s  upported  , 

■  c  k  ,  earth  fill  relieving 
■rm  structure. 

/built  section  consists  of 
H-piles  arranged  in  bents 
j  low  steel  deck. 


1)  Replace  broken  piles. 

2)  Repair  non-bearing,  partially  bearing,  split 
and  wild  piles. 

3)  Repair  eccentric  piles  associated  with  Bents  4 
through  8  of  bulkhead.  Re-inspect  each  year 

4)  Repair  spalling  on  concrete  seawall. 

5)  Re-inspect  after  repairs  and  in  6  years  thereafter. 


"  D i 1 e-supported ,  low  deck, 
fill,  relieving  platform 
t  ure 


1)  Replace  broken  perimeter  piles. 

2)  Post  and  brace  broken  interior  piles, 

repair  non-bearing,  partially  bearing,  split 
and  displaced,  and  wild  piles. 

3)  Re-inspect  after  repairs  and  in  6  years  thereafter. 


■  p i I e -supported ,  low  deck, 
fill,  relieving  platform 
u  re . 


1)  Replace  or  repair  broken  piles. 

2)  Repair  split,  wild,  and  partially  bearing 
pi  1  es . 

3)  Repair  spalling  on  concrete  seawall. 

4)  Immediate  restriction  of  live-loading  within 
101  radius  of  broken  piles  until  repairs  are 
made . 

5)  Limit  live-load  capacity  to  200  psf. 

6)  Re-inspect  after  repairs  and  in  2  years  thereafter. 


5-0 

8.4 

10.0 

3.6 


15.0 

20.0 


36 

1  .6 

7.1 


v 


PHILADELPHIA  NAVAL  SHIPYARD 
EXECUTIVE  SUMMARY  TABLE.  CONT'D. 
VOLUME  I  I 


FACILITY  YEAR  BUILT 

TOTAL  NO. 

OF  PILES 

SIZE 

(LxW-FT. ) 

STRUCTURES 

Drydock  C i rca  1 94 ) 

Wharf 

Section  "A" 
approx. 

4,300 

Section  "A" 
395‘x600'x224' 

Timber  pile-supported,  low  deck, 
earth  fill,  relieving  platform 
structure 

Section  "B" 
approx. 

2,800 

Section  "B" 

224 ‘x280 ‘x2 )6‘ 

Section  "C" 
approx. 

I  ,500 

Section  "C" 

2 1 4 1 x! 84  1 

Wharves  K,  C i rca  1 943 

J ,  1  ,  H, 

and  G 

12,060 

3,315'  in 
i ength 

Timber  pile-supported,  low  deck, 
earth  fill,  relieving  platform 
structure. 

•Cost  estimates  are  based  on  1 98 3  U.S.  East  Coast  prices. 
Mob i I i za t i on/demob i 1 i za t i on  costs  have  been  omitted. 


RECOMMENDATIONS 

1 )  Rep  lace  or  repair  t 

2)  Repa i r  split  and  d 
and  par t i a  1 1 y  bear i  i 

3)  Repa i r  1  oca  1  pile  u 

4)  Repair  damaged  pile 

5)  Investigate  cathodi 

6)  Downgrade  live-l'&at 
north  of  Bent  220  ; 
unt i 1  repai rs  are  c 

7)  Enforce  dredge  line 

8)  Re- inspect  after  r.. 

1 )  Rep  1  ace  broken  p  i  1 

2)  Repa i r  split  p  1  1  ■  , 

3)  Install  t  ie -back  s \ 

Wharves  K,  J,  and  ,( 
capaci ty  to  300  rs' 
wharves  inshore  /O'* 
completed.  ^ 

4)  Repair  damaged  oilJ 
capac i ty  to  0  psf  d 
repairs  are  ct'"’P  1  et 

5)  Sections  of  wharf  r 
should  be  inspected 
repa  i  rs  and  in  6  vi. 

6)  Shim  non-bearing  pi 


PHILADELPHIA  NAVAL  SHIPYARD 


EXECUTIVE  SUMMARY  TABLE .  CONT'D. 
VOLUME  II 


JRES 


RECOMMENDATIONS 


ESTIMATED  COST 
(THOUSANDS) 


pile-supported,  low  deck, 
fill,  relieving  platform 
are 


1)  Replace  or  repair  broken  piles. 

2)  Repair  split  and  displaced,  wild,  non-bearing, 
and  partially  bearing  piles. 

3)  Repair  local  pile  cap-deck  failure. 

A)  Repair  damaged  pile  caps. 

5)  Investigate  cathodic  protection  system. 

6)  Downgrade  live-load  capacity  of  Section  "A" 
north  of  Bent  220  and  inshore  20‘  to  100  psf 
until  repairs  are  completed. 

7)  Enforce  dredge  limits. 

8)  Re-inspect  after  repairs  and  in  6  years  thereafter. 


49 

77.2 

1 .1 
12 


pile-supported,  low  deck, 
fill,  relieving  platform 
urc . 


1)  Replace  broken  piles. 

2)  Repair  split  piles,  and  wild  piles. 

3)  Install  tie-back  system  along  sections  of 
Wharves  K,  J,  and  I.  Restrict  live-load 
capacity  to  300  psf  from  the  face  of  the 
wharves  inshore  70'  until  repairs  are 
completed. 

4)  Repair  damaged  pile  caps.  Restrict  live-load 
capacity  to  0  psf  in  a  radius  of  10'  until 
repairs  are  completed. 

5)  Sections  of  wharf  requiring  tie-back  system 
should  be  inspected  yearly.  Re-inspect  after 
repairs  and  in  6  years  thereafter. 

Shim  non-bearing  piles 


7.0 

1A.4 

605 


10 


6) 
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40. 
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3/4"  wide  and  14"  long .  48 

43.  Wharf  H,  Sta.  0+21.  Illustrates  a  2" 
gap  in  the  seawall  construction  joint. 

Note  sand  and  cement  eroded  from  concrete 
exposing  aggregate  .  69 

44.  Wharf  K,  Bent  18,  Pile  M.  Non-bearing 
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failure  of  pile  cap  due  to  overloading.  .  .  70 
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Pier  5  is  located  to  the  west  of  Dry  Dock  No.  2  and  to  the  east  of 
the  Barge  Basin  on  the  northern  bank  of  the  Delaware  River  (see 
Figures  4,  [Vol.  I]  and  45-49). 


The  original  pier  constructed  circa  1912  measured  approximately 
80'  in  width  by  657*  in  length.  The  original  pier  was  removed 
down  to  the  tops  of  the  piles  or  pile  clamps  and  rebuilt  circa 
1944  to  1946.  Public  Works  Drawing  B-4000  and  B-4001  indicate  the 
rebuilt  pier  was  enlarged  to  110 1  in  width  by  767'  in  length. 
Apparently  the  pier  was  rebuilt  again  in  1979  to  the  existing 
structure.  Its  overall  dimensions  are  approximately  790,xll0'. 
The  structure  is  supported  by  approximately  3,000  timber  piles 
arranged  in  bents  10'  on  center.  The  design  pile  capacity  is  20 
tons.  The  present  deck  live-load  capacity  is  600  psf.  The  deck 
elevation  is  12.39'.  During  our  divers'  inspection  this  facility 
was  functioning  as  a  berthing  facility  for  a  YFNB. 


Reference  2  (See  Appendix  A-25) 
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4.7.2  OBSERVED  INSPECTION  CONDITION 

Quantities  of  specific  anomalies  found  on  Pier  5  are  listed  as 
follows  s 

1  broken  pile 

1  split  and  displaced  pile 
4  non-bearing  piles 
1  partially-bearing  pile 

The  locations  of  these  anomalies  can  be  found  on  Figures  45 
through  49. 

From  the  observation  of  core  samples  taken  at  various  locations  on 
Pier  5  the  condition  of  the  timber  was  found  to  be  excellent  with 
softness  ranging  from  1/4"  to  1/2".  Minimum  pile  diameters 
observed  range  from  10"-17"  and  indicate  that  there  nas  not  been 
any  loss  of  cross-sectional  area  since  the  time  of  original 
construction.  Fasteners  used  on  the  timber  portions  of  the  struc¬ 
ture  are  found  to  have  no  loss  of  steel  due  to  corrosion  (see 
Photo  #31) . 

The  concrete  superstructure  was  generally  found  to  have  only  minor 
damage.  Some  spalling  was  found  on  all  of  the  concrete  members 
comprising  the  truss  cantilever  at  the  perimeter  of  the  pier  and 
along  the  utility  tunnel  {see  Photo  #32)  .  The  approximate  total 
area  of  concrete  effected  is  1400  sq.  ft.  In  areas  located  on 
Figures  45  through  49  there  is  some  reinforcing  steel  exposed  to 
the  environment.  There  are  two  concrete  crane  rail  beams  running 
the  full  length  of  the  pier.  Divers  found  that  there  are  tension 
cracks  extending  to  the  full  depth  of  the  beams  in  various  loca- 
noted  on  Figures  45  and  46.  In  some  areas  of  the 


tions 


concrete 


PHOTO  NO.  31 :  Pier  5,  Bent  k3,  Pile  LL; 

illustrates  typical  condition 
of  pile  to  pile  cap  connection. 
Note  sand  and  cement  eroded  from 
concrete  exposing  aggregate. 
Diameter  of  washer  is  3”. 

PHOTO  NO.  32:  Pier  5,  west  side;  shows  spalling 
and  cracking  in  concrete  canti¬ 
lever  members  at  the  edge  of  the 
pier. 


superstructure  near  MLW,  the  fine  aggregates  have  eroded  out  of 
the  concrete  leaving  a  rough  surface  of  concrete  consisting  of  the 
remaining  large  aggregates  {see  Photo  *13,  Vol.  X). 

Apparently  the  original  structure  of  the  pier  was  demolished  and 
only  partially  removed.  There  are  many  piles  which  remain  in  place 
and  unmarked  on  the  figures  since  they  are  not  part  of  the 
structure.  Also,  the  original  concrete  structure  was  simply 
broken  up  and  dropped  onto  the  river  bottom,  where  it  remains. 


I 

I 


I 

I 


T 


D  4.7.3  STRUCTURAL  ASSESSMENT 

The  timber  pile  foundation  appears  to  be  in  excellent  condition 
with  no  apparent  deviations  from  the  structure's  original  con¬ 
struction.  The  specific  anomalies  referred  to  earlier  should  be 
repaired  in  order  to  attain  full  live-load  capacity. 

The  spalled  areas  on  the  concrete  truss  and  utility  tunnel  are 
posing  no  immediate  threat  to  the  structure's  live-load  capacity, 
although  if  this  condition  is  not  repaired  the  deterioration  of 
the  concrete  will  continue  and  the  reinforcing  steel  will  be 
exposed  to  the  marine  environment  and  consequently,  corrosion  will 
occur.  The  unremoved  demolished  portions  of  the  original  struc¬ 
ture  do  not  effect  the  structural  integrity  of  this  facility. 

Large  tension  cracks  are  an  indication  that  the  beam  has  been 
overstressed.  Also  when  the  steel  reinforcing  is  exposed  to  the 
marine  environment  corrosion  will  occur.  When  corrosion  signifi¬ 
cantly  decreases  the  cross-sectional  area  of  the  steel,  strength 
will  be  lost  in  the  composite  structure.  Observations  indicate 
that  there  was  no  significant  corrosion  occurring  during  the  time 
of  our  inspection. 
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The  single  broken  pile  (see  Figure  46)  should  be  replaced.  In 
order  to  properly  install  a  new  pile,  it  should  be  driven  through 
the  concrete  deck  and  pulled  into  place.  The  estimated  cost  to 
install  a  new  creosoted  pile  through  the  deck  is  $1,500  plus 
mobilization  and  demobilization.  The  other  six  (6)  piles  with 
anomalies  should  be  reconditioned  (shimmed,  posted  or  clamped,  see 
Appendix  A-15  through  A-21)  and  refastened  to  the  pile  cap.  The 
estimated  cost  for  reconditioning  is  $400  per  pile.  The  total 
estimated  cost  would  be  $2,400. 

Initially,  tension  cracks  in  the  crane  rail  beam  should  be 
inspected  closely  and  then  monitored  on  a  yearly  basis,  so  as  to 
determine  any  change  in  conditions  or  deterioration  of  reinforcing 
steel.  The  spalled  areas  of  the  concrete  truss  cantilever  and 
utility  tunnel  should  be  patched.  The  old  concrete  should  be 
chipped  away  to  sound  concrete  and  cleaned  where  needed.  Pneumat¬ 
ically-placed  concrete  should  be  placed  to  provide  proper  cover 
for  the  reinforcing  steel.  The  estimated  cost  to  provide  proper 
cover  and  prepare  the  concrete  surface  is  $14. 16/sq.ft.  The  total 
surface  area  in  need  of  cover  is  1,400  sq.  ft.  The  total  esti¬ 
mated  cost  of  repair  is  $19,824. 

Live-loading  in  deck  areas  directly  associated  with  damaged 
(broken,  split  and  wild)  piles  should  be  restricted  to  25%  of  the 
current  recommended  live-load  capacity  until  those  piles  are 
repaired.  Following  the  implementation  of  the  recommended 


repairs,  live-loading  can  be  maintained  at  current  levels  (600 
psf) .  The  estimated  life  of  this  facility  with  proper  maintenance 
is  in  excess  of  25  years.  The  entire  facility  should  be  re¬ 
inspected  after  repairs  and  in  6  years  thereafter.  This  inspec¬ 
tion  will  enable  Shipard  personnel  to  determine  any  change  in 
existing  conditions.  This  report  should  be  used  as  a  baseline  for 
all  future  inspections. 
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The  Barge  Basin  is  located  just  to  the  west  of  Pier  5  (see  Figure 
50).  The  bulkhead  from  Pier  6  to  the  Barge  Basin  is  located 
adjacent  to  and  to  the  east  of  Pier  6  and  runs  past  Dry  Dock  No.  3 
to  the  Barge  Basin  (see  Figures  4,  [Vol.  I]  and  50-52). 

The  Barge  Basin  was  constructed  circa  1939.  This  structure 
consists  of  a  timber  pile-supported,  low  deck,  earth  fill, 
relieving  platform  structure.  Integral  with  this  structure  is  the 
foundation  associated  with  the  barge  crane.  There  are  approxi¬ 
mately  850  piles  supporting  this  structure.  The  outer  perimeter 
of  the  structure  is  bordered  by  timber  sheet  piles.  The  timber 
pile  bearing  capacity  is  assumed  to  be  15  tons.  The  top  deck 
elevation  is  +12.99'.  The  Barge  Basin  was  functioning  as  a 
transfer  facility  for  barges  during  our  divers'  inspection  (see 
Figure  50) . 

The  bulkhead  between  Pier  6  and  the  Barge  Basin  was  originally 
constructed  circa  1903  and  1918.  Part  of  the  bulkhead  collapsed 
and  was  rebuilt  circa  1979.  The  rebuilt  section  consists  of  steel 
H-pilss  arranged  in  bents  with  a  low  steel  deck.  The  original 
section  remaining  consists  of  a  timber  pile-supported,  low  deck, 
earth  fill,  relieving  platform  structure  similar  to  the  Barge 
Basin.  There  are  approximately  740  piles  supporting  this 
structure. 

Reference  2  (see  Appendix  A-25) 
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Specific  anomalies  noted  on  the  structural  piles  are  listed  as 
follows : 


Barge  Basin 

4  broken  piles 

3  non-bearing  piles 
2  wild  piles 

7  partially-bearing  piles 
Bulkhead  from  Pier  5  to  Pier  .6 

1  broken  pile 

4  split  piles 

5  non-bearing  piles 

Locations  of  these  anomalies  are  found  on  Figures  50,  51  and  52, 
(see  Photos  #33  and  #34) . 

The  general  condition  of  the  timber  was  found  to  be  good.  Pile 
diameters  observed  range  from  9"  to  14".  From  the  inspection  of 
core  samples  taken  it  was  found  that  the  outer  layer  of  soft  wood 
is  approximately  1/2"  to  1"  thick.  The  timber  piles  in  the  bulk¬ 
head  on  either  side  of  the  Barge  Basin  (Bents  1-4  and  1A-7A)  are 
effected  by  an  outer  layer  of  soft  timber  approximately  2"  deep 
(see  Figure  51) .  Associated  with  this  is  a  slight  hourglass 
shape,  effecting  the  piles  closer  to  the  sheet  pile  wall  (Rows  G  & 
H) .  Minimum  pile  diameters  in  this  area  are  greater  than  7". 

Where  the  timber  sheet  pile  was  accessible,  it  was  found  to  be  in 
excellent  condition.  Bents  52  through  71  of  the  bulkhead  have 
recently  been  reconstructed.  The  new  construction  consists  of  a 
steel  H-pile  supported  low  deck  structure.  The  steel  was  found  to 


PHOTO  NO.  33:  Bent  10,  Pile  A;  non-bearing 
'  perimeter  pile  with  drift  pin 

exposed ,  and  broken  pile  cap, 

PHOTO  NO.  34:  Bent  3,  Pile  A;  illustrates 
non-bearing  pi  le. 


have  orange  corrosion  nodes  (see  Photo  #35)  covering  most  of  its 
surface  area.  The  surface  of  the  steel  was  pitted,  although  there 
is  not  a  significant  loss  of  steel  (see  Photos  #36  and  #37)  . 

The  fender  system  along  the  bulkhead  from  Station  3+53  to  0+00  and 
around  the  Barge  Basin  is  in  poor  condition.  A  new  fender  system 
has  been  installed  along  the  new  sections  of  the  wharf  and  it  is 
in  excellent  condition. 

At  Bents  4  through  8  of  the  bulkhead,  the  "A"  pile  row  has  been 
blocked  with  an  east-west  pile  cap  (2, 12x12' s)  running  below  the 
normal  pile  cap.  This  repair  is  deteriorating.  The  blocking  is 
not  fully  bearing  on  the  pile  or  the  pile  cap  and  there  is 
eccentric  loading  (see  Figure  53). 

The  concrete  seawall  of  the  Barge  Basin  is  in  good  condition  and 
is  functioning  well.  The  concrete  seawall  associated  with  the 
older  section  of  the  bulkhead  is  deteriorating.  Large  cracks  and 
spalled  areas  are  present  and  noted  on  Figures  51  and  52.  The 
total  estimated  surface  area  of  spalled  concrete  is  270  square 


PHOTO  NO.  35:  Drydock  3  Bulkhead  to  Pier  6,  Bent 
65.  Pile  A;  illustrates  typical 
condition  of  steel  H-pile,  approx. 
El.  -V.  Orange  corrosion  nodes 
1"~2,‘  diameter. 


PHOTO  NO.  36:  Orydock  3  Bulkhead  to  Pier  6,  Bent 
65,  Pile  C,  D-meter  location  at 
El.  -V  ;  illustrates  typical  pitting 
of  steel  H-piles.  Pits  approx. 

1/16"  deep.  Orange  corrosion  nodes 
l"~2"  diameter  also  visible. 


fJiQIP.  NO .  37 :  Drydock  3,  Bulkhead  to  Pier  6 
Bent  6k,  Pile  A;  illustrates  ’ 
corrosion  and  marine  growth  on 
steel  H-pile.  Note  flange 
thickness. 


Calculations  indicate  that  the  structural  piles  are  capable  of 
carrying  the  imposed  load  (see  Appendix  A-l  to  A-7) .  The  steel  H- 
piles  have  no  apparent  loss  in  section  or  capacity. 

Some  piles  in  Bents  4  through  8  have  been  blocked  (see  Figure  53). 
This  repair  is  presently  unstable.  The  "A"  pile  row  in  this  area 
is  most  severely  effected.  Apparently  there  is  a  lateral  force 
acting  on  the  piles  to  the  south.  This  is  causing  the  repaired 
blocking  to  roll  (see  Figure  53).  As  a  result,  the  piles  are  not 
fully  bearing  on  the  pile  cap.  The  eccentricity  created  by  this 
movement  should  be  corrected. 

The  concrete  seawall  associated  with  the  bulkhead  from  Station 
0+00  through  Station  3+53  has  extensive  spalling  and  cracking  on 
its  face.  Although  this  condition  is  not  good,  the  wall  is  func¬ 
tional  as  a  gravity  wall.  The  cracking  and  spalling  should  be 
repaired  to  prevent  further  deterioration. 


) 

The  five  (5)  broken  piles  should  be  replaced  by  driving  new  piles. 
The  estimated  cost  to  drive  a  new  perimeter  pile  is  $1,000.  The 
total  estimated  cost  is  $5,000. 

The  fifteen  (15)  non-bearing  or  partially  bearing  piles  should  be 
refastened  to  the  pile  cap  and  shimmed.  The  four  (4)  split  piles 
should  either  be  posted  or  refastened  to  the  pile  cap.  The  two 
(2)  wild  piles  should  be  refastened  to  the  pile  cap.  The  esti¬ 
mated  cost  to  repair  one  pile  is  $400.  The  total  estimated  cost 
of  repairs  is  $8,400  (see  Appendix  A-15  to  A-21  for  details). 

The  condition  of  eccentric  piles  associated  with  Bents  4  through  8 
should  be  repaired.  The  eccentric  vertical  piles  should  be  pulled 
into  a  plumb  position  below  the  pile  cap  to  assure  that  the  piles 
are  fully  bearing  on  the  caps.  Fasten  two  4x12  clamps  below  the 
pile  caps  running  east  and  west.  The  new  4x12  clamps  should  run 
back  to  the  "EF"  pile  row.  In  addition,  4x12  cross-bracing  should 
be  added  to  induce  stability  as  shown  in  Appendix  A-19.  To  install 
these  repairs  an  estimated  four-man  diving  crew  with  a  small  barge 
will  take  5  days.  At  $2,000/day  the  estimated  cost  is  $10,000 
(see  Appendix  A-19) . 

Spalling  on  the  face  of  the  concrete  seawall  associated  with  the 
old  bulkhead  should  be  repaired.  The  surface  of  the  concrete 
should  be  chipped  away  to  sound  concrete.  In  areas  of  significant 
loss  of  concrete,  welded  wire  mesh  snould  be  installed. 
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Pneumatically-placed  concrete  should  then  be  placed  so  as  to 
provide  sufficient  cover  to  the  area.  The  estimated  cost  per 
square  foot  of  repair  area  is  $14.16.  The  total  estimated  cost  is 
$3,823  (270  sq.ft.) . 

Live-loading  in  deck  areas  directly  associated  with  damaged 
(broken,  split  and  wild)  piles  should  be  restricted  to  25%  of  the 
current  recommended  live-load  capacity  until  those  piles  are 
repaired.  Upon  implementation  of  these  repairs,  provided  that 
dredge  limits  are  abided  by  and  that  there  is  proper  maintenance, 
the  live-load  capacity  should  remain  at  100  psf,  with  exception  to 
the  new  construction  where  the  live-loading  should  be  the  original 
design  capacity.  The  life  expectancy  of  the  old  structure  is  in 
excess  of  10  years.  The  life  expectancy  of  the  newest  construc¬ 
tion  is  in  excess  of  25  years. 

The  entire  bulkhead  and  Barge  Basin  should  be  reinspected  after 
repairs  and  in  6  years  thereafter.  That  portion  of  the  bulkhead 
between  Bents  4  and  8  should  be  inspected  on  a  yearly  basis  due  to 
the  unstable  condition  present  there.  These  inspections  will 
enable  Shipyard  personnel  to  determine  any  change  in  conditions. 
This  report  should  be  used  as  a  baseline  for  all  future  inspec¬ 
tions. 
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Pier  6  is  located  to  the  west  of  Dry  Dock  No.  3  and  to  the  east  of 
Pier  6-A  on  the  northern  bank  of  the  Delaware  River  (see  Figures 
4  (Vol.  I]  and  54).  This  facility  was  constructed  circa  1940  and 
is  a  timber  pile-supported  low  deck,  earth  fill,  relieving  plat¬ 
form  structure.  The  structure  is  approximately  970'xlOO1  and  is 
supported  by  approximately  8,500  timber  piles.  The  timber  pile 
capacity  (driven)  is  assumed  to  be  15  tons.  Presently  the  live- 
load  capacity  of  Pier  6  is  600  psf.  The  top  deck  elevation  of 
Pier  6  is  +12.3*.  During  our  divers'  inspection  Pier  6  was  being 
used  as  a  docking  facility  for  various  ships. 

Reference  2  (see  Appendix  A-25) 
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A  list  of  the  quantities  of  specific  anomalies  noted  is  as  follows: 

15  broken  piles 
14  non-bearing  piles 
25  split  and  displaced  piles 
6  wild  piles 

5  partially-bearing  piles 

The  exact  locations  of  these  anomalies  can  be  found  on  Figure  54. 
Access  to  all  portions  of  the  pier  was  not  gained  due  to  the  close 
spacing  of  piles. 

The  timber  throughout  the  pier  was  found  to  be  in  good  condition. 
Core  samples  taken  throughout  the  facility  indicate  that  generally 
there  is  1/4"  to  1"  of  softness  on  all  timber.  The  measurement  of 
pile  diameters  and  the  observation  of  the  timber  conditions  reveal 
that  there  has  been  no  change  in  the  minimum  pile  diameters  of  the 
structural  piles  since  they  were  driven  (see  Photo  #38) . 

The  fasteners  used  throughout  the  facility  are  corroded,  but  can 
be  classified  as  in  good  condition  and  functional.  The  fender 
system  at  the  south  end  of  the  pier  is  suffering  from  fungal 
attack  and  is  in  poor  condition.  The  rest  of  the  fender  system  in 
in  good  condition.  The  concrete  seawall  is  in  excellent  condition 
with  only  minor  spalling  and  cracking. 

The  tie-rods  used  to  provide  lateral  stability  to  the  platform 
found  throughout  the  facility  are  in  excellent  condition  (see 
Photo  #39,  Appendix  A-22).  Although  the  corrosion  rate  on  the 
webs  of  the  H-sections  seems  to  be  accelerated,  there  is  no  struc¬ 
tural  deficiency. 
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PHOTO  NO.  38:  Pier  6,  Bent  31,  Pile  A; 

broken  perimeter  pile  with 
sapwood  chipped  away  revealing 
sound  timber. 

PHOTO  NO,  39:  Pier  6,  Bents  1 70-1 7 1 ; 

illustrates  typical  condition 
of  tie-rod  with  orange  corrosion 
node.  Tie-rod  diameter  is  3". 


I 


I 

I 

1 
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At  Bents  45  through  62  on  the  east  side  of  the  pier,  there  is  a 
severe  drop  in  the  mudline  elevation.  At  Bent  45  there  is  a  15 1 
drop  in  the  mudline  between  the  C  pile  and  the  A  pile.  At  Bent  62 
this  drop  in  elevation  is  only  3'. 

In  various  locations  throughout  the  facility  marine  borers  were 
found.  Although  they  are  present,  they  have  not  caused  any  sig¬ 
nificant  damage. 

Between  Bents  26  and  27  in  the  area  of  the  B  and  C  piles,  a  deck 
plank  has  failed  (see  Photo  #40) .  This  failure  has  opened  up  a  gap 
in  the  deck.  Behind  this  gap  there  is  a  second  layer  of  timber 
deck  material  which  is  preventing  the  earth  fill  from  leaching 
out. 

On  the  west  side  of  the  pier  from  Bent  74  through  Bent  138, 
extensive  reconditioning  of  the  perimeter  piles  has  been  under¬ 
taken.  These  repairs  consist  mainly  of  posted  piles  and 
refastened  piles. 
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Pier  6,  Bents  26-27,  Pile  A; 
broken  deck  plank,  approx.  12 
wide  as  viewed  from  below  the 
relieving  platform. 


4. 5-. 3 _ STRUCTURAL  ASSESSMENT 


The  damaged  piles  located  near  the  perimeter  of  the  pier 
apparently  are  caused  by  excessive  berthing  forces.  Generally 
this  results  in  the  failure  of  the  fastening  at  the  pile  cap 
or  a  broken  pile. 

Apparently  overdredging  or  silt  displacement  due  to  prop  wash  has 
occurred  at  Bent  45  on  the  east  side  of  the  pier.  This  condition 
does  not  effect  the  capacity  of  the  piles  in  the  area  to  necessi¬ 
tate  a  reduction  in  their  load  carrying  capacity. 

In  the  area  of  Bents  26  and  27,  a  deck  timber  has  failed  due  to 
overloading.  This  is  a  localized  failure  which  apparently  was 
repaired  previously.  The  surrounding  timbers  showed  no  sign  of 
overloading.  The  repairs  which  were  made  to  the  structural  piles 
on  the  west  side  of  the  pier  are  functioning  as  they  were  designed 
and  are  in  good  condition. 
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4.9.4 _ RECOMMENDATIONS 


The  15  broken  piles  should  be  repaired.  The  broken  perimeter 
piles  should  be  replaced  and  the  broken  interior  piles  should  be 
posted  and  braced.  T’e  total  estimated  cost  of  repair  is  $15,000. 
The  non-bearing  piles,  partially  bearing  piles,  split  and  dis¬ 
placed  piles  and  wild  piles  (50  piles  total)  should  be  refastened 
to  the  cap  so  that  full  bearing  is  attained.  The  total  estimated 
cost  of  repair  is  $20,000  ($400  per  repair).  The  dredging  limits 
should  be  strictly  enforced,  particularly  at  the  southern  end  of 
the  pier. 

Live-loading  in  deck  areas  directly  associated  with  damaged 
(broken,  split  and  wild)  piles  should  be  restricted  to  25%  of  the 
current  recommended  live-load  capacity  until  those  piles  are 
repaired.  Following  implementation  of  the  recommended  repairs, 
live-loading  can  be  maintained  at  current  levels  (600  psf) .  Areas 
which  were  not  directly  observed  are  assumed  to  be  in  similar 
condition  to  those  areas  which  were  accessed.  The  estimated  life 
of  this  structure  is  in  excess  of  25  years. 

The  entire  pier  should  be  re-inspected  after  repairs  and  in  6 
years  thereafter.  This  inspection  will  enable  Shipyard  personnel 
to  determine  any  change  of  condition.  This  report  should  be  used 
as  a  baseline  for  all  future  inspections. 
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4.10  PIER  6A  AND  THE  BULKHEAD, EAST  TO  PIER  6 
4.10.1  DESCRIPTION 

Pier  6A  and  the  adjacent  bulkhead  to  the  east  are  located  on  the 
northern  bank  of  the  Delaware  River  just  to  the  west  of  Pier  6  at 
the  Philadelphia  Naval  Shipyard  (see  Figure  4,  Vol.  I).  The  struc¬ 
ture  was  constructed  circa  1903.  Its  overall  dimensions  are 
235'x70'.  The  pier  is  a  timber  pile-supported,  low  deck,  earth 
fill,  relieving  platform  type  of  structure  (see  Figures  55,  56). 
There  are  approximately  1,100  timber-bearing  piles.  Each  pile  is 
assumed  to  have  a  driven  capacity  of  15  tons.  The  assumed  allow¬ 
able  live-load  capacity  of  the  structure  is  500  psf.  During  our 
diver's  inspection  this  facility  was  functioning  as  a  tool  storage 
area  for  the  shipyard  workers. 

The  bulkhead  between  Pier  6  and  Pier  6A  is  of  similar  relieving 
platform  construction  as  Pier  6A.  It  is  supported  by  84  timber 
piles  with  a  timber  sheet  pile  wall  running  inshore  of  the  "C" 
pile  row  (see  Figure  55).  The  total  length  of  the  bulkhead  is 
142.7' . 

Reference  2  (see  Appendix  A-25) 
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Specific  anomalies  noted  concerning  the  structural  piles  are 
listed  as  follows: 


36  broken  piles 
1  split  and  displaced  pile 

1  wild  pile 

2  partially-bearing  piles 

Locations  of  these  anomalies  can  be  found  on  Figures  55  and  56. 

Throughout  Pier  6A  and  the  associated  bulkhead,  soft  spots  were 
sporadically  found  in  the  timber  of  the  piles,  deck  and  sheet 
pile.  The  depth  of  softness  in  these  spots  ranges  from  1-1/2"  to 
4"  deep.  The  softness  is  assumed  to  be  caused  by  a  general 
deterioration  of  the  timber  fibers  (see  Section  4.0,  Vol.  I).  The 
largest  concentration  of  soft  spots  were  found  on  the  structural 
members  of  the  bulkhead  between  Pier  6A  and  Pier  6.  Pile  diam¬ 
eters  observed  range  from  10"  to  13". 

Pile  diameters  observed  and  measured  indicate  that  there  has  been 
no  significant  change  in  the  minimum  cross-sectional  area  since 
they  were  driven.  The  fasteners  observed  are  functional,  although 
in  some  cases  it  is  estimated  that  a  30%  loss  of  steel  cross- 
section  has  occurred. 

As  shown  on  Figures  55  and  56  there  are  areas  where  the  seawall  is 
spalled  and  cracked.  Some  of  the  cracks  are  as  much  as  6"  wide. 
The  approximate  total  surface  area  which  is  effected  by  spalling 
or  cracking  is  500  square  feet. 


-31- 


The  fender  system  is  basically  non-functional  and/or  missing 
throughout  Pier  6A  and  the  associated  bulkhead.  Along  the  full 
length  of  the  west  side  of  Pier  6A  a  soil  berm  exists  along  the 
"W"  pile  row.  The  difference  in  the  mudline  depth  varies  from  1* 
in  height  to  8'  in  height  between  the  "U"  and  "W"  pile  rows.  The 
apparent  cause  is  a  combination  of  siltation  under  the  relieving 
platform  and  dredging  adjacent  to  the  perimeter  of  the  pier. 
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The  specific  anomalies  listed  in  Section  4.10.2  are  a  result  of 
lateral  overloading  due  to  berthing  forces  possibly  transmitted  by 
camels. 


Soft  timber  will  reduce  the  capacity  of  the  effected  member. 
According  to  calculations,  see  Appendix  A-l  to  A-8,  the  reduced 
column  capacity  of  a  pile  with  4"  of  softness  is  still  greater 
than  the  assumed  driven  capacity.  Live-load  capacity  is  limited 
by  softness  in  the  timber  decking. 

The  cracking  and  spalling  of  the  concrete  seawall  is  a  result  of 
aging  and  settlement.  Particular  attention  should  be  directed  to 
the  south  end  of  Pier  6A.  In  the  area  of  Bent  41,  there  are  large 
cracks  on  both  the  east  and  west  sides  of  the  pier.  This  could  be 
an  indication  that  the  south  end  of  the  pier  is  beginning  to 
translate  to  the  south.  Although  moveme-t  of  the  bearing  piles 
was  not  detected,  the  fact  that  there  are  no  north/south  batter 
piles  leads  to  the  assumption  that  the  only  structural  resistance 
to  the  lateral  earth  pressures  is  the  timber  piles'  ability  to 
resist  bending  and  whatever  cohesiveness  the  superstructure  has  to 
offer. 

The  soil  berm  along  the  west  side  of  Pier  6A  does  exert  some 
lateral  pressure  on  the  vertical  bearing  piles,  however  this 
pressure  is  not  critical.  The  maximum  dredge  limits  have  not  been 
exceeded  and  undermining  is  not  a  controlling  factor  in  the 
analysis. 


-33- 


r 


V 


4.10.4  RECOMMENDATIONS 

The  36  broken  piles  should  be  replaced  or  posted  (see  Appendix 
A-15  to  A-22) .  The  estimated  cost  to  repair  one  pile  is  $1,000. 
The  total  estimated  cost  of  repair  is  $36,000.  The  split  pile, 
wild  pile  and  partially  bearing  piles  should  be  refastened  to  the 
pile  cap.  The  estimated  cost  to  repair  one  pile  is  $400.  The 
total  estimated  cost  is  $1,600.  At  the  south  end  of  the  pier 
where  there  are  many  damaged  piles  in  close  association  to  each 
other,  live-loading  should  be  prohibited. 

Spalling  and  cracking  on  the  face  of  the  concrete  seawall  should 
be  repaired.  The  surface  of  the  concrete  should  be  chipped  away 
to  sound  concrete.  Large  cracks  should  be  filled.  In  areas  of 
significant  loss  of  concrete,  welded  wire  mesh  should  be 
installed.  Pneumatically-placed  concrete  should  then  be  placed  so 
as  to  provide  sufficient  cover  to  the  area.  The  estimated  cost 
per  square  foot  of  repair  area  is  $14.16.  The  total  estimated 
cost  of  repair  is  $7,080  (500  sq.ft.). 

Live-loading  in  deck  areas  directly  associated  with  damaged 
(broken,  split  and  wild)  piles  should  be  restricted  to  25%  of  the 
current  recommended  live-load  capacity  until  those  piles  are 
repaired.  At  the  southeast  end  of  the  pier  live-loading  should  be 
reduced  to  50  psf  in  the  concentrated  area  of  broken  piles.  Due 
to  the  timber  softness,  the  live-load  capacity  of  Pier  6A  and  the 
bulkhead  should  be  limited  to  200  psf.  Upon  implementation  of 
these  repairs,  provided  that  dredge  limits  are  observed  and  the 
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structure  is  properly  maintained,  the  life  expectancy  of  the 
structure  is  in  excess  of  5  years. 

Consideration  should  be  made  as  to  how  to  replace  or  rebuild  the 
structure  to  return  it  to  its  original  capacity,  if  that  capacity 
is  needed.  The  entire  pier  and  bulkhead  should  be  re-inspected 
after  repairs  and  in  2  years  thereafter.  This  inspection  will 
enable  Shipyard  personnel  to  determine  any  change  in  conditions. 
This  report  should  be  used  as  a  baseline  for  future  inspections. 
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The  Drydock  Wharf  is  located  approximately  560  feet  to  the  west  of 
Pier  6A  and  to  the  east  of  Wharf  K  on  the  northern  shore  of  the 
Delaware  River  (see  Figures  4  [Vol.  I]  and  57).  The  Drydock  Wharf 
is  divided  into  three  sections;  Section  "A"  begins  at  the  north- 
easternmost  corner  of  the  structure  and  continues  to  Drydock  No. 
4,  it  is  sometimes  known  as  the  "Battleship  Wharf";  Section"B"  is 
located  between  Drydock  No.  4  and  Drydock  No.  5;  Section  "C"  is 
located  between  Drydock  No.  5  and  Wharf  K,  (see  Figure  57) .  The 
low  deck,  earth-filled,  timber  pile-supported  relieving  platform 
structures  were  constructed  circa  1941. 

The  east  side  of  Section  "A"  is  approximately  395  feet  long,  the 
south  side  600  feet  long,  and  the  west  side  224  feet  long.  Steel 
sheet  piling  is  located  approximately  50  feet  inshore  of  the 
seawall  and  extends  from  the  underside  of  the  timber  decking  to 
the  river  bottom.  Approximately  4,300  piles,  including  batter 
piles  and  intermediate  bents  are  arranged  in  bents  with  5-foot 
spacing,  (see  Figures  58  through  61).  The  design  pile  capacity  is 
assumed  to  be  15  tons.  The  deck  elevation  is  +14’.  The  desig¬ 
nated  live-load  capacity  at  the  time  of  our  inspection  is  700  psf. 
During  our  inspection  Section  "A"  was  being  used  as  a  permanent 
mooring  for  a  battleship. 

The  east  side  of  Section  "B"  is  224  feet  long,  the  south  side  280 
feet  long,  and  the  west  side  216  feet  long.  Steel  sheet  piling  is 
located  approximately  45  feet  inshore  of  the  seawall.  Approxi- 


mately  2,800  piles,  including  batter  piles  and  intermediate  bents 
are  arranged  in  bents  with  5-foot  spacing  (see  Figures  62  and  63)  . 


The  design  pile  capacity  is  assumed  to  be  15  tons.  The  deck 
elevation  is  +14'.  The  designated  live-load  capacity  at  the  time 
of  our  inspection  is  300  psf.  During  our  inspection  Section  "B" 
was  being  used  as  a  temporary  mooring  for  various  oil  barges, 
floating  cranes  and  a  personnel  barge. 

The  east  side  of  Section  "C"  is  214  feet  long  and  the  south  side 
184  feet  long.  Steel  sheet  piling  is  located  approximately  50 
feet  inshore  of  the  seawall.  Approximately  1,500  piles  including 
batter  piles  and  intermediate  bents  are  arranged  in  bents  with  5- 
foot  spacing  (see  Figure  64) .  The  design  pile  capacity  is  assumed 
to  be  15  tons.  The  deck  elevation  is  +14'.  The  designated  live- 
load  capacity  at  the  time  of  our  inspection  is  300  psf.  During 
our  inspection  Section  "C"  was  being  used  as  a  temporary  mooring 
for  various  oil  barges. 

Typical  cross  sections  of  the  drydock  wharves  can  be  found  on 
Figure  65. 

Reference  2  (see  Appendix  A-25) 
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SECTION  'A-A' 


SECTION  'C-C' 
DRYDOCK  WHARF  *C* 


Specific  anomalies  detected  which  relate  to  the  structural  piles 
are  tabulated  as  follows: 


69 

non-bearing  piles 

28 

broken  piles 

33 

split  and  displaced 

piles 

9 

piles  with  less  than  100% 

15 

wild  piles 

SEC.TIQH-B 

25 

non-bearing  piles 

13 

broken  piles 

15 

split  and  displaced 

piles 

6 

wild  piles 

SECTION  C 

10 

non-bearing  piles 

8 

broken  piles 

10 

split  and  displaced 

piles 

1 

wild  pile 

These  anomalies  can  be  located  on  Figures  58  through  64. 


Visual  inspection  of  core  samples  of  timber  piles,  caps  and  deck¬ 
ing  indicate  that  there  is  no  more  than  1/2"  of  softness  in  the 
timber.  This  condition  is  found  throughout  the  facility.  Minimum 
pile  diameters  measured  ranged  from  11"  to  18".  Marine  borers 
were  not  observed.  From  our  observations  we  conclude  that  there 
has  not  been  a  loss  of  cross-sectional  area  associated  with  the 
timber  piles  since  their  placement. 


Damage  to  pile  caps  (24  in  all)  was  observed  throughout  Sections 
A,  B  and  C  of  the  facility.  This  damage  is  a  result  of  abrasion 
and/or  local  overloading.  Damage  of  the  pile  caps  due  to  abrasion 


is  confined  to  areas  where  the  fender  system  is  no  longer  func¬ 
tional,  while  local  overloading  of  the  pile  caps  occurs  where 
perimeter  piles  are  broken  or  are  located  2  to  3  feet  inshore  of 
the  seawall  (see  Photo  #41). 

In  general,  inspection  of  fastenings  reveals  a  15-20%  loss  of 
steel  due  to  corrosion.  More  extensive  corrosion  of  the  fasten¬ 
ings  was  observed  in  isolated  areas. 

The  surface  of  the  steel  sheet  piling  is  very  rough  and  pitted. 
The  outer  layer  of  corrosion  is  a  soft  orange  corrosion  by-product 
with  pockets  of  trapped  gas.  Closer  to  the  surface  of  the  steel 
is  a  harder  black  layer  of  corrosion  by-product.  Corrosion  holes 
ranging  from  1/2"  diameter  to  l"xl8"  were  observed  in  the  sheet 
pile  wall  along  the  south  side  of  Section  "A",  (see  Figure  60, 
Photo  #42)  .  The  results  of  D-meter  readings  taken  on  the  sheet 
pile  wall  indicate  a  steel  loss  of  between  5  and  50%  with  the 
average  steel  loss  approximately  15%  (see  Figures  60,  61,  and  62 
for  D-meter  readings) . 

Many  shimmed  and  non-bearing  piles  were  observed  between  Bents  220 
through  244  of  Section  "A",  with  some  piles  shimmed  up  to  12 
inches.  Steel  caissons  approximately  5  feet  in  diameter  were 
also  observed  in  the  area.  The  caissons  extend  through  the  deck¬ 
ing.  Caps  that  could  transfer  deck  loads  to  the  caissons  were 
not  observed. 

A  local  failure  of  the  timber  decking  was  observed  between  Bents 
31  and  32  of  Section  "B",  adjacent  to  the  steel  sheet  pile  wall 
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PHOTO  NO.  41 :  Orydock  Wharf  C,  Bent  66,  Pile  A; 

illustrates  split  in  pile  cap. 
Failure  of  pile  cap  due  to  ovei — 
loadi ng. 

PHOTO  NO.  42:  Orydock  Wharf  A,  Bent  184; 

rusted  knuckle  in  steel  sheet 
pile  wall,  approx.  El. -2'. 
Corroded  knuckle  is  approx.  3/4" 
wide  and  14"  long. 


(see  Figure  62).  Earth  fill  has  leached  out  of  the  structure,  but 
the  extent  of  loss  is  not  known. 

The  fender  system  along  the  east  face  of  Section  "A"  is  non¬ 
existent,  and  heavily  damaged  along  the  south  face,  particularly 
in  the  area  where  the  battleship  is  moored.  The  fender  systems  of 
Sections  "B"  and  "C"  are  in  good  condition. 

The  concrete  seawall  was  observed  to  be  in  excellent  condition  in 
general,  with  the  exception  of  a  6"  wide  vertical  crack  found 
between  Bents  67  and  68  of  Section  "B". 

By  comparing  soundings  obtained  by  Childs  Engineering  Corporation 
personnel  with  maximum  safe  designed  dredge  depths  obtained  from 
the  Hudson  Engineers  Report  of  1976,  it  is  noted  that  the  maximum 
dredge  depth  has  been  exceeded  at  the  southwest  corner  of  Section 
"B"  by  5  feet.  Maximum  dredge  depths  are  approached  but  not 
exceeded  at  all  other  sounding  locations. 


Most  of  the  specific  anomalies  listed  in  the  previous  section  are 
a  result  of  local  berthing  forces.  Lateral  forces  have  broken, 
split  and/or  displaced  many  perimeter  piles.  As  a  result,  in  many 
areas  pile  caps  are  left  unsupported  at  the  perimeter  leading  to 
local  failure  of  the  pile  cap.  In  addition,  pile  caps  have  been 
abraded  or  crushed  by  impact  loads. 

Non-bearing  piles  along  the  west  side  of  Section  "A"  are  the 
result  of  missing  shims.  The  widespread  use  of  shims  and  short 
posts  in  the  area  may  be  part  of  the  original  construction,  or  may 
have  been  required  at  a  later  date  to  counteract  the  effects  of 
settlement.  The  function  of  the  caissons  located  between  Bents 
221  through  243  cannot  be  determined  from  our  inspection  or 
through  our  government-furnished  information.  However,  since  the 
caissons  extend  through  the  deck,  we  must  assume  that  they  offer 
little  vertical  support  to  the  deck. 

As  a  result  of  our  observations  and  analysis  of  the  structural 
timber  piles  (see  Appendix  A-l  to  A-8)  we  conclude  that  minimum 
pile  diameters  and  the  condition  of  the  timber  are  both  at  accep¬ 
table  levels. 

The  failure  of  the  timber  decking  between  Bents  31  and  32  of 
Section  "B"  adjacent  to  the  steel  sheet  pile  wall  is  a  local 
condition  and  does  not  reflect  a  general  weakness  of  the  timber 
decking  throughout  the  facility. 


T 


Corrosion  holes  in  the  knuckles  and  web  of  the  sheet  pile  wall 
along  the  south  side  of  Section  "A"  may  result  in  loss  of  fill. 
Although  no  sinkholes  were  observed  in  the  pavement  adjacent  to 
the  holes,  the  possibility  does  exist  that  sinkholes  will  form  in 
the  future.  The  general  loss  of  steel  section  of  the  knuckles  and 
web  due  to  corrosion  does  not  at  this  time  threaten  the  structural 
integrity  of  the  sheet  pile  wall.  However,  if  deterioration  of 
the  steel  is  allowed  to  continue,  more  holes  will  form,  and  the 
wall  may  reach  a  point  where  it  is  unable  to  restrain  the  lateral 
earth  forces  exerted  on  it. 

Maximum  safe  designed  dredge  depths  have  been  exceeded  at  the 
southwest  corner  of  Section  "B"  by  five  (5)  feet.  Over-dredging 
threatens  the  lateral  stability  of  the  structure  and  should  be 
avoided. 
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The  forty-nine  (49  )  broken  piles  should  be  repaired  by  replacing 
them  with  new  piles,  (see  Appendix  A-15,  A-18) .  The  estimated 
cost  per  pile  for  repair  with  a  new  pile  is  $1,000.  The  eighty 
(80)  split  and  displaced  or  wild  piles  and  the  one  hundred  thir¬ 
teen  (113)  non-bearing  or  partial  bearing  piles  should  be  recondi¬ 
tioned  (shimmed,  posted  or  clamped,  see  Appendix  A-16,  A-17)  and 
refastened  where  needed  to  the  pile  cap.  The  cost  to  recondition 
a  pile  is  estimated  to  be  $400.  The  total  estimated  cost  to 
implement  these  repairs  is  $126,200.00  plus  mobilization/demobili¬ 
zation. 

We  recommend  that  the  local  pile  cap  and  deck  failure  observed  on 
the  east  side  of  Section  "B"  be  repaired  to  prevent  further  loss 
of  fill  (see  Appendix  A-21).  The  estimated  cost  of  excavation  and 
backfill  is  $15/cu.yd.  at  approximately  30  cu.yd.  =  $450.00.  The 
estimated  cost  of  timber  is  $5/bf  (in  place)  at  approximately  120 
bf  =  $600.00,  for  an  estimated  total  of  $1,050  plus  mobilization/ 
demobilization. 

The  twenty-four  (24)  damaged  pile  caps  should  be  repaired.  At  an 
estimated  cost  of  $500/repair,  the  total  estimated  cost  is  $12,000 
plus  mobilization/demobilization  (see  Appendix  A-20) . 

We  recommend  that  the  cathodic  protection  system  servicing  the 
battleship  mooring  at  Section  A  be  analyzed  to  determine  whether 
it  is  or  has  been  contributing  to  the  corrosion  of  the  steel  sheet 
pile  wall.  No  specific  repairs  to  the  holes  observed  in  the  steel 
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sheet  pile  wall  are  recommended  at  this  time.  However,  it  is 
recommended  that  the  wall  be  re-inspected  every  year  to  monitor 
the  general  loss  of  steel  due  to  corrosion,  the  formation  of  new 
holes  and  the  loss  of  fill  material.  Additionally,  a  protection 
system  using  galvanic  anodes  could  be  installed  to  prevent  further 
deterioration  of  the  steel. 

We  recommend  that  the  dredge  limits  established  in  the  Hudson 
Engineering  Report  of  1976  not  be  exceeded. 

We  recommend  that  the  live-load  capacity  of  Section  "A"  north  of 
Bent  220  and  inshore  20'  be  downgraded  from  700  psf  to  100  psf 
until  the  recommended  repairs  are  completed  in  the  area.  It  is 
emphasized  that  re-shimming  non-bearing  piles  in  the  area  may  not 
be  a  permanent  solution  if  the  cause  of  the  non-bearing  piles  is 
settlement. 

Live-loading  in  deck  areas  directly  associated  with  damaged 
(broken,  split  and  wild)  piles  should  be  restricted  to  25%  of  the 
current  recommended  live-load  capacity  until  those  piles  are 
repaired.  Following  the  implementation  of  the  recommended 
repairs,  live-loading  can  be  maintained  at  current  levels  (Wharf 
A,  700  psf ;  Wharves  B  and  C,  300  psf) .  We  estimate  the  life  of 
the  inspected  portions  of  the  facility  to  be  in  excess  of  15 
years.  The  entire  wharf  should  be  re-inspected  after  repairs  are 
made  and  in  6  years  thereafter.  This  inspection  will  enable  Ship¬ 
yard  personnel  to  determine  any  changes  of  conditions.  This 
report  should  be  used  as  a  baseline  for  future  inspections. 
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Wharves  K,  J,  I,  H  and  G  are  located  on  the  east  shore  of  the 
Schuylkill  River  adjacent  to  the  drydock  wharves  and  to  the  west 
of  Dry  Dock  No.  5  at  the  Philadelphia  Naval  Shipya.d  (see  Figures 
4  (Vol.  I]  and  66-78).  These  wharves  were  constructed  circa  1943. 
The  structure  is  a  low  deck,  earth  fill,  timber  pile-supported 
relieving  platform.  There  are  approximately  12,060  structural 
piles.  The  approximate  total  length  of  the  Wharves  K,  J,  I,  H, 
and  G  is  3,315'.  The  timber  pile  capacity  is  assumed  to  be  15 
tons  per  pile.  The  live-load  capacity  of  these  structures  is  300 
psf.  During  our  diver's  inspection  these  facilities  were  being 
used  as  a  berthing  area  for  various  fuel  barges. 

Reference  2  (see  Appendix  A-25) 
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Specific  anomalies  noted  concerning  the 

structural 

piles  are 

listed  as  follows: 

Wharf 

K 

J 

I 

H 

G 

Totals 

Broken  Piles 

0 

3 

2 

1 

1 

7 

Split  Piles 

15 

11 

1 

3 

3 

33 

Non-Bearing  Piles 

170 

262 

36 

44 

3 

515 

Partially-Bearing  piles 

6 

9 

1 

8 

1 

25 

Wild  Piles 

1 

1 

0 

1 

0 

3 

Approx.  Total  No.  of 

Piles 

1665 

4245 

2085 

2505 

1560 

Throughout  Wharves  K,  J 

»  I, 

H  and 

G,  core 

:  samples  of 

the 

timber 

piles,  deck  caps  and 

timber  sheet 

piles 

indicate  that 

timber 

softness  (see  Section  4.0)  ranges  from  0"  to  1/2"  in  depth. 

The  pile  diameters  which  were  measured,  generally  range  from  a 
minimum  of  10"  to  a  maximum  of  16".  There  is  no  observed  deterio¬ 
ration  or  reduction  of  the  piles'  cross-sectional  area  subsequent 
to  being  driven. 

The  fasteners  which  were  visible  appeared  to  have  a  thin  layer  of 
corrosion  on  the  metal  surface  with  little  or  no  pitting  observed. 
Estimated  loss  of  steel  due  to  corrosion  is  less  than  20%. 

The  fender  system  is  generally  in  poor  condition  along  the 
majority  of  the  wharves.  Fungal  attack  on  the  timber  and 
localized  failure  due  to  berthing  forces  are  found  throughout  each 
wharf,  with  the  exception  of  Wharf  G  wh^ch  has  been  reconditioned. 
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The  seawall  along  the  wharves  is  functional  and  generally  in  good 
condition.  There  is  minor  spalling  along  the  expansion  joints 
{see  Photo  #43) .  The  concrete  curbing  at  the  top  of  the  seawall  is 
deteriorating  around  the  scuppers.  Portions  of  the  curbing  along 
Wharf  J  were  under  repair  during  the  inspection.  At  the  time  of 
inspection,  it  is  estimated  that  approximately  5%  of  the  total 
length  of  the  curbing  is  in  need  of  repair.  The  lower  elevations 
of  the  seawall  are  showing  some  loss  of  the  fine  aggregate  in  the 
concrete  as  described  in  Section  4.0,  Vol.  I,  Page  15,  a  condition 
which  does  not  effect  the  overall  strength  of  the  concrete. 

Along  the  full  length  of  Wharves  K,  J,  I,  H,  and  G,  the  seawall 
has  irregular  bulges  and  separation  of  the  expansion  joints.  This 
irregular  bowing  is  particularly  evident  along  Wharves  K  and  J 
where  the  seawall  is  as  much  as  6"  out  of  alignment. 

As  shown  on  Figures  67,  68,  69  and  76,  there  is  a  large  number  of 
non-bearing  piles  generally  associated  with  the  adjacent  batter 
piles  (see  Photo  #44) .  The  highest  concentration  of  the  non-bear¬ 
ing  piles  occurs  at  the  junction  of  Wharves  K  and  J  and  along  the 
north  end  of  Wharf  H. 

The  elevation  of  the  mudline  along  the  sheet  pile  wall  ranged  from 
-6'  at  Bent  15,  Wharf  K  to  -1'  in  areas  which  were  inaccessible  to 
the  divers  (Wharves  G  &  H) .  Generally  the  mudline  along  the  sheet 
pile  wall  was  at  El. -3  and  had  no  severe  variance  in  that  eleva¬ 
tion.  Typically,  at  Pile  C  the  mudline  drops  off  at  a  sharper 
angle,  then  levels  off  outshore  of  the  wharf. 
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PHOTO  NO.  43:  Wharf  H,  Sta.  0+21;  illustrates 

a  2“  gap  in  the  seawall  construc¬ 
tion  joint.  Note  sand  and  cement 
eroded  from  concrete  exposing 
aggregate. 

PHOTO  NO.  44:  Wharf  K,  Bent  18,  Pile  M; 
non-bearing  pile. 


Pile  cap  failure  has  occurred  in  two  locations.  In  the  area  of 
Station  0+75  on  Wharf  K,  Bent  18  at  Pile  H  (see  Figure  67) ,  the 
pile  cap  has  failed  in  horizontal  shear  and  vertical  shear  over 
the  pile,  (see  Photo  #45).  It  is  also  deflected  down  approximately 
6"-8"  from  its  original  position.  A  similar  situation  has  occurred 
on  Wharf  J  at  approximately  Station  10+65,  Pile  L  (see  Figure 
72).  The  pile  cap  has  failed  over  the  last  pile  in  the  bent.  In 
each  location  approximately  4  to  6  bents  are  effected  in  varying 
degrees  of  severity. 

At  the  north  end  of  Wharf  H  and  southwest  end  of  Wharf  G  a  tie- 
back  system  has  been  installed  (see  Figure  76) .  This  system  con¬ 
sists  of  a  steel  WF  section  spanning  two  pile  caps,  bearing  on  the 
ends  of  the  pile  caps.  A  steel  rod  is  attached  to  the  center  of 
the  WF  section  and  runs  parallel  to  the  pile  cap  in  the  inshore 
direction.  Presumably  the  tie-rod  is  anchored  to  a  deadman  behind 
the  timber  sheet  pile  wall.  The  condition  of  the  tie-back  system 
is  consistent  with  its  age.  There  were  no  visible  signs  of  deter¬ 
ioration,  however,  there  is  some  mechanical  damage  at  Station  5+30 
on  Wharf  H,  where  the  WF  section  is  deformed.  Also  on  Wharf  G, 
Station  0+70,  there  is  a  WF  section  missing.  Apparently  this 
damage  was  caused  by  excessive  berthing  force. 

Wharf  G  has  large  quantities  of  flotsam  entrapped  below  the 
relieving  platform.  This  debris  curtailed  the  divers'  access  to 
the  sheet  pile  wall. 
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» 


PHOTO  NO.  b5:  Wharf  K,  Bent  18,  Pile  M; 

illustrates  failure  of  pile 
cap  due  to  overloading. 


Damage  which  occurs  at  the  perimeter  of  the  wharf  can  be 
attributed  uo  excessive  berthing  forces  transmitted  by  camels. 
These  forces  are  allowed  to  effect  the  structural  piles  only  when 
the  fender  system  has  failed  or  is  non-existent. 

Based  on  a  maximum  area  of  16  sq.  ft.  supported  by  one  pile,  cal¬ 
culations  indicate  that  there  has  been  no  change  in  the  live-load 
capacity  of  these  wharves  (see  Appendix  A-l  to  A-8) .  Minimum  pile 
diameters  and  the  condition  of  the  timber  are  both  at  acceptable 
levels. 

Alignment  of  the  seawall  and  the  location  of  high  quantities  of 
non-bearing  piles  are  proportional  to  each  other.  Wherever  there 
is  a  large  concentration  of  non-bearing  piles,  the  seawall  is  out 
of  alignment.  This  condition  arises  from  the  translation  of  the 
relieving  platform  in  the  outshore  direction.  Accompanying  the 
translation  is  the  rotation  of  the  batter  piles  and  consequently 
the  lifting  of  the  relieving  platform  off  the  adjacent  vertical 
piles.  This  condition  is  caused  by  excessive  lateral  earth 
pressure  possibly  originating  from  a  live-load  acting  on  the  sheet 
pile  wall.  The  equalizing  reaction  of  the  batter  pile  to  lateral 
force  is  a  vertical  force  in  the  upward  direction.  This  condition 
can  easily  overstress  the  batter  pile  fastenings  and  create  com¬ 
bined  stresses  in  the  vertical  piles.  If  the  translation  is 
allowed  to  continue,  eventually  the  overstress ing  will  exceed  the 
ultimate  capacity  of  the  timber  and  fasteners.  As  a  result, 

failure  of  the  structure  will  occur. 
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Lateral  earth  pressure  originating  from  the  soil  retained  by  the 
vertical  piles  is  an  additional  force  which  adds  to  the  combined 
stress  in  the  vertical  pile.  The  lateral  force  generally  is 
greatest  where  the  mudline  drops  off  at  the  face  of  the  pier,  at 
pile  row  B  or  C.  The  greater  the  slope  of  this  drop-off,  the 
greater  the  lateral  pressures  will  be  on  the  vertical  pile.  When 
dredging  occurs  the  natural  slump  of  the  soil  will  not  be  achieved 
immediately  due  to  the  resistance  offered  by  the  vertical  piles. 
At  the  present  time  lateral  pressure  due  to  the  soil  resting  on 
the  vertical  piles  does  not  contribute  significantly  to  the  forces 
acting  on  the  vertical  piles,  however,  in  the  future,  if  excessive 
dredging  occurs  along  the  face  of  the  pier  and  the  soils'  natural 
slump  is  not  allowed  to  occur,  the  lateral  forces  will  be  more 
significant. 

The  failure  of  the  pile  caps  at  Station  0+75  of  Wharf  K  and  Sta¬ 
tion  10+65  of  Wharf  J  are  similar  in  that  they  are  both  localized 
failures.  The  pile  cap  and  the  wale  fastened  to  the  timber  sheet 
pile  have  been  displaced  downward  approximately  4,6".  Splitting 
and  crushing  of  the  pile  cap  have  also  occurred.  The  displacement 
of  the  wale  is  a  result  of  overloading  its  connection  to  the 
timber  sheet  pile  wall.  When  the  fasteners  failed,  this 
transferred  the  load  to  the  pile  cap  causing  it  to  deflect  and 
therefore  fail  in  horizontal  shear  and  vertical  shear.  The  con¬ 
dition  of  the  timber  of  the  effected  members  is  sound,  therefore 
it  is  assumed  that  before  the  failure  there  was  no  loss  of 
strength  in  the  structure.  The  cause  of  the  failure  is  then 

attributed  to  a  local  overload  on  the  top  aeck. 
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The  seven  (7)  broken  piles  should  be  replaced.  A  new  creosoted 
pile  should  be  driven  adjacent  to  the  old  pile  and  sprung  in  under 
the  pile  cap,  then  shimmed  to  assure  proper  bearing  area  (see 
Appendix  A-15  to  A-18) .  The  estimated  cost  to  replace  one  pile  in 
this  fashion  is  $1,000.  The  total  estimated  cost  is  $7,000. 

Split  piles  should  be  clamped  or  posted  where  necessary  to  assure 
full  bearing  of  the  pile  and  cap  (see  Appendix  A-16,  A-17).  The 
estimated  cost  of  one  repair  is  $400.  There  are  33  piles  which 
are  split.  The  total  estimated  cost  of  repair  is  $13,200.  The  3 
wild  piles  should  be  refastened  to  the  pile  cap  in  a  similar 
manner.  The  estimated  cost  per  repair  is  $400.  The  total 
estimated  cost  is  $1,200. 

The  515  non-bearing  piles  in  this  area  should  be  shimmed  to  attain 
full  bearing.  The  average  cost  to  shim  one  pile  is  estimated  to 
be  $50.  The  estimated  total  cost  is  $25,750.  The  non-bearing 
piles  in  this  facility  have  not  been  included  in  the  typical  pile 
top  repair  tabulation  because  the  quantities  of  non-bearing  piles 
cannot  be  considered  typical  or  average. 

The  translation  of  some  sections  of  the  seawall  is  a  serious 
problem.  Along  Wharf  K  (Stations  1+35  through  4+42),  Wharf  J 
(Stations  0+00  through  5+00  and  Stations  10+15  through  11+30)  and 
Wharf  I  (Stations  0+00  through  0+50)  tie-back  systems  should  be 
installed  to  upgrade  the  capacity  of  the  area  behind  the  wharves. 
The  surcharges  applied  to  the  soil  inshore  of  the  relieving 
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platform  have  created  the  overload  condition  resulting  in  the  non¬ 
bearing  piles.  Until  the  tie-back  systems  are  installed,  live- 
loading  behind  the  relieving  platform's  sheet  pile  wall  (from  the 
face  of  the  wharves  inshore  70')  should  be  restricted  to  3::i  psf 
(see  Appendix  A-23).  The  tie-back  system  should  be  of  ; 2  3  - 

construction  to  that  installed  on  Wharves  G  and  H.  This  syst. 
consists  of  a  WF  section  bearing  on  the  ends  of  two  pile  ca:,  :  with 
a  3"  diameter  tie-rod  bolted  to  che  WF  section  and  :  . : 
parallel  to  the  pile  caps  in  the  inshore  direction  (see  Appendix 
A-22).  Appoximately  90'  inshore  there  should  be  an  anchoring 
system,  preferably  steel  H-piles  driven  with  opposing  batter  along 
the  axis  of  tension.  Depending  upon  soil  conditions,  a  conven¬ 
tional  concrete  anchor  system  could  be  used  in  place  of  steel  H- 
piles.  The  total  number  of  tie-backs  needed  is  121.  If  a  tie- 
sac:-:  system  is  employed,  the  live-load  capacity  of  the.  wnarf 

itself  will  not  be  upgraded,  only  the  live-load  capac.ty  r.  f  the 
area  directly  inshore  of  the  sheet  pile  wall.  Potentially,  this 
area  could  be  upgraded  to  a  live-load  of  600  psf.  The  cost  of  one 
tie-rod,  installed,  is  estimated  to  be  $5,000.  The  total  esti¬ 
mated  cost  of  repair  is  $605,000. 

These  repairs  will  solve  the  problem  as  it  exists  presently, 
however,  in  the  future  tie-backs  will  have  to  be  installed  along 
the  full  length  of  the  wharf  to  stabilize  the  bulkhead  as  it 
reacts  to  loading  inshore  of  the  sheet  pile.  The  magnitude  of  the 
total  cost  of  these  repairs  is  very  large  with  respect  to  the 
improvement  of  loading  capacity.  Rebuilding  the  wharf  with  a 


tied-back  steel  sheet  pile  wall  would  greatly  increase  a  larger 
portion  of  the  facilities'  live-load  capacity. 

At  approximately  Station  0+75  of  Wharf  K  and  Station  10+65  of 
Wharf  J,  repairs  should  be  made  to  the  damaged  pile  caps.  To 
properly  repair  the  structure,  the  earth  fill  above  the  damaged 
area  should  be  excavated  and  shored.  The  damaged  portions  of  the 
pile  caps  and  deck  planks  should  be  replaced  with  new  timber.  The 
wale  running  along  the  top  of  the  sheet  pile  should  be  reposi¬ 
tioned  and  refastened.  The  earth  fill  should  then  be  replaced. 
There  are  9  sections  of  pile  cap  that  need  to  be  replaced  and 
approximately  124  sq.ft.  of  deck  plank  in  need  of  repair.  The 
total  cost  of  repair  is  approximately  $10,000.  See  Appendix  A-21 
for  cost  breakdown  and  cross-section.  Until  the  pile  caps 
are  repaired,  live-loading  should  be  restricted  to  0  psf  in  a 
radius  of  10'  around  the  perimeter  of  the  two  damaged  areas.  Upon 
completion  of  the  described  repairs  the  live-load  capacity  will 
be  300  psf. 

Live-loading  in  deck  areas  directly  associated  with  damaged 
(broken,  split  and  wild)  piles  should  be  restricted  to  25%  of  the 
current  recommended  live-load  capacity  until  those  piles  are 
repaired.  Following  the  implementation  of  the  recommended 
repairs,  live-loading  can  be  maintained  at  current  levels  (300 
psf) .  Provided  that  dredge  limits  are  observed,  and  that  the 
structure  is  properly  maintained,  the  life  expentancy  of  the 
structure  is  in  excess  of  20  years. 
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The  entice  wharf  should  be  re-inspected  after  repairs  and  in  6 


years  thereafter.  The  portions  of  the  wharves  that  have  been 
observed  to  be  translating  outshore  should  be  inspected  on  a 
yearly  basis.  This  will  enable  Shipyard  personnel  to  determine 
any  change  in  conditions.  This  report  should  be  used  as  a  base¬ 
line  for  future  inspections. 
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TIMBER  PILE 

DATA  SUMMARY 

FACILITY 

**RANGE  OF 

STRUCTURAL  TIMBER 
SOFTNESS  DETECTED 

RANGE  OF 

PILE  DIAMETERS 
OBSERVED 

TIMBER  PILE 

DRIVEN  CAPACITY*** 

Eastern  Seawall 

3/4"  ave. 

11"  -  15" 

3-20 

Pier  7 

2"  -  6" 

10"  -  15" 

15 

Pier  1  £  Bulkhead 

1"  ave. 

1  1" 

15 

Pier  2 

1"  -  2" 

10"  -  14" 

15 

Wharves  4A  £  4B 

3/4"  ave. 

9"  -  14" 

15 

Pier  4 

1/2"  ave. 

9"  -  13" 

15  -  20 

Pier  5 

1/4"  -  1/2" 

10"  -  17" 

20 

Barge  Basin  £  Bkhd 

1/2"  -  1" 

9"  -  14" 

15 

Pier  6 

1/4"  -  1" 

10"  -  14" 

15 

Pier  6A-Bulkhead 

1"  -  4" 

10"  -  13" 

15 

DD  Wharves 

1/2"  ave. 

11"  -  18" 

15 

Wharves  K, J , 1 ,H,G 

1/2"  ave. 

10"  -  16" 

15 

Wharf  F/Pier  F 

1/2"  -  1" 

11"  _  15.. 

15 

Wharf  E 

1/2"  -  li" 

9"  -  14" 

15 

Rowan  Ave. 

NA* 

NA* 

NA* 

2nd  Street 

li"  -  3" 

9"  -  12" 

15 

Preble  Ave. 

li"  -  2" 

8"  -  10" 

15 

Broad  Street 

li"  -  3" 

11"  -  14" 

15 

Wharf  L 

1/2"  -  li" 

9"  -  10" 

15 

Wharf  N 

1"  -  3" 

9"  -  14" 

15 

*  NA  =  Not  Applicable 

**  For  detailed  account  of  timber  softness,  i.e.,  variations  between  piles, 
caps,  decking;  see  individual  facility's  Observed  Inspection  Condition. 

***  Timber  pile  driven  capacities  have  been  extrapolated  from  GFI  such  as  the 
Hudson  Engineers  Report  or  actual  NAVKAC  or  PW  drawings. 
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Master  Plan  for  Naval  Base,  Philadelphia,  PA 
August  1975 


2.  Divers  Inspection,  Engineering  Evaluation  and 
Preliminary  Recommendations  for  Piers  and 
Bulkheads  at  the  Philadlephia  Naval  Shipyard, 
Philadelphia,  Pennsylvania;  prepared  by 
Hudson  Engineers,  Inc.,  Philadelphia,  PA 
September  1976 
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